The volume expanding magnetostructural transition in Mn 3 GaC and Mn 3 SnC has been identified to be due to distortion of Mn 6 C octahedra. Despite a similar lattice volume as Mn 3 SnC and similar valence electron contribution to density of states as in Mn 3 GaC, Mn 3 InC does not undergo a first order magnetostructural transformation like the Ga and Sn antiperovskite counterparts. A systematic investigation of its structure and magnetic properties using probes like x-ray diffraction, magnetization measurements, neutron diffraction and extended x-ray absorption fine structure (EXAFS) reveal that though the octahedra are distorted resulting in long and short Mn -Mn bonds and different magnetic moments on Mn atoms, the interaction between them remains ferromagnetic. This has been attributed to the strain on the Mn 6 C octahedra produced due to relatively larger size of In atom compared to Sn and Ga. The size of In atom constricts the deformation of Mn 6 C octahedra giving rise to Mn -Mn distances that favor only ferromagnetic interactions in the compound.
I. INTRODUCTION
In ternary manganese carbides and nitrides ordering with a cubic antiperovskite (Mn 3 AB) crystal structure, the magnetic ground state and physical properties can be significantly influenced by merely replacing the A-site atom 1,2 . The A-site atoms like Ga, Cu, Zn, In or Sn form a cubic cage enclosing a Mn 6 C octahedra at its center. Further we use it as a prototypical compound to investigate the exact role of the A-site atom in the magnetostructural transformation seen in the Mn based antiperovskites. We show that the distortions on Mn 6 C octahedra are dependent on the size of A-site atom.
Comparatively, when the A-site is occupied by a smaller atom like Ga, the Mn 6 C octahedra distort maximum resulting in a wider separation between long and short Mn -Mn bonds and an antiferromagnetic ground state. Larger A-site atoms like In however, constrain the distortions of Mn 6 C octahedra such as to prevent formation of shorter Mn -Mn bonds that favor antiferromagnetic alignment and thus resulting in a ferromagnetic ground state.
II. EXPERIMENTAL
To synthesize polycrystalline Mn 3 InC using the solid state reaction method, stoichiometric weights of powdered Mn and graphite were first thoroughly mixed with elemental In before the addition of 15% excess graphite powder. The resulting mixture was then pressed into a pellet, encapsulated in an evacuated quartz tube and heated to 1073 K for the first 48 hr before being annealed at 1150 K for the next 120 hr 22 . On cooling to room temperature, the crystallographic symmetry and phase purity of the compound formed was identified with the help of an x-ray diffraction (XRD) pattern recorded using Mo K α radiation. 
III. RESULTS AND DISCUSSION
Rietveld analysis of the room temperature x-ray diffraction pattern recorded using Mo K α (λ = 0.7107Å ) radiation and presented in Fig. 1 was again independently verified from refinement of neutron diffraction pattern described later in the paper. The structural and refinement parameters obtained for x-ray diffraction pattern are provided in Table I .
Temperature dependent magnetization curves (M(T)) presented for the compound in A were analyzed as a function of temperature. Rietveld refined structural parameters obtained from refining diffraction pattern recorded at 300 K using neutrons of 1.2443Å are given in Table II . The ratio of Mn:C obtained from neutron diffraction was found to be 3:1. Indium content was estimated slightly lower than that obtained from x-ray diffraction, but this could be due to larger absorption coefficient of In for thermal neutrons. It may 4, the unit cell volume decreases monotonically with temperature and displays no discontinuity that can be associated to a first order transition. A slight change of slope observed in temperature variation of a at T ∼ 127 K could possibly be associated with the broad magnetic transition seen in Fig. 2 (a) . Likewise, the thermal variation of magnetic moment calculated from neutron diffraction data for the two species of Mn atoms (see Fig. 4 (b)) also shows a smooth variation in the entire temperature range suggesting that the ferromagnetic Magnetic structure 4.0Å range in Fig. 5 .
While the first peak in the Mn K edge data centered around R = 1.5Å is due to scattering from the nearest neighbor C atoms as in the case of Mn 3 GaC and Mn 3 SnC, the main peak in the R = 1.7 -2.7Å range arises from the combined contribution from equidistant Mn and
In next nearest neighboring atoms. To begin with, a cubic structural model described by crystal structure and structural parameters (a = 3.9924Å ) obtained from room temperature neutron diffraction patterns, was used to fit the Mn K edge data in the 1Å to 3Å R range.
While restrictions imposed by the cubic symmetry were forced upon the variation of the Mn -C, Mn -Mn and Mn -In bond distances, the thermal mean square variation in bond 
IV. CONCLUSION
In conclusion, systematic investigations on Mn 3 InC reveal that it undergoes only a paramagnetic to ferromagnetic transition with a high T C = 377 K. EXAFS studies suggest that, due to the larger size of In atoms, the Mn 6 C octahedra are strained. These strains restrict the distortions of the Mn sublattice such that the difference between Mn -Mn long and short bond distances is smaller compared to that in Mn 3 GaC and Mn 3 SnC and the value of shorter Mn -Mn distance is such that it does not favor antiferromagnetic ordering of the Mn sublattice. Thus it appears that the magnetic ground state in such antiperovskites is decided by the distortions of the Mn sublattice which are susceptible to the strain produced by the size of A-site atom. 
